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Comments on "Instability Theory of Large-Scale Disturbances in the Tropics" 
C.-P. CHANG 
Department of Meteorology, Naval Postgraduate School, Monterey, Calif. 93940 
4 February 1976 and 25 March 1976 
In a recent paper by Kuo (1975), a condition was 
used in a CISK parameterization to explain the time 
and length scales of the observed mixed Rossby-gravity 
waves and the Kelvin waves in the tropics. This condi-
tion, as stated by Kuo on p. 2231, is that "the depletion 
of moisture through precipitation must be replenished 
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by evaporation from the surface during_ a ~omplete 
period of the disturbance." Eq. (lSb) m his paper 
specifies this ·condition as follows: 
r (E+rate of moisture convergence);:: maximum total 
precipitation given by deep cumulus convection 
during a period, 
where r is the period of the wave disturbances and F, 
the evaporation rate. On p. 2234 he derived the limiting 
period ro for which the equal sign in (15b) holds. This 




where Pt is the average maximum total precipitation 
over a period. This maximum total precipitation, 
according to the argument on p. 2232, is always pro-
duced by the disturbance "once the convective insta-
bility is activated by the large-scale flow," because the 
"convection will proceed as an overturning process and 
produce the maximum amount of precipitation possible 
for the given air mass." The value of Pt was estimated 
by subtracting the vapor contents of the outflow column 
from the inflow column as was schematically illustrated 
in his Fig. 3. The computed ro was then used as a cutofT 
period in the CISKparameterization [Eq. (24)] in such 
a way that the heating function is proportional to the 
factor r/ro if r< r0• The implication of his analysis is 
that, "disturbances with periods < r 0 cannot be sup-
ported fully by deep cumulus convection initiated by 
such disturbances because the moisture content of the 
atmosphere will be depleted by the convective process." 
The above arguments are, however, inconsistent with 
an essential part of the CISK parameterization used in 
the paper, namely that the large-scale heating rate is pro-
portional to the vertical velocity W b at a low reference 
level Zb when W b> 0. In this parameterization when the 
wave amplitude at an early stage of the development is 
small, W b is small and so is the heating rate, which 
implies that the precipitation rate is small. As the 
waves grow, W b increases and the precipitation rate in 
turn increases. Since the total precipitation of a 
continuous wave chain cannot exceed the total evapora-
tion in the tropical belt, the restraining effect is such 
that the precipitation rate must not exceed the evapora-
tion rate, or 3.75 g cm-2 day-1 according to the calcula-
tions quoted by Kuo. Therefore the total moisture 
availability in the tropics should constrain the maxi-
mum amplitude the waves can grow to, rather than the 
period of the waves. The intensity of the cumulu~-scale 
convection is determined by the large-scale moisture 
convergence below Zb in the CISK theory because this 
convergence provides the high OE for the ascending air. 
For more sophisticated parameterization theories, such 
as that of Arakawa and Schubert (1974) which is a 
form of the convective adjustment, the same incon-
sistency would occur. In these theories the effect of 
cumulus convection is also entirely a response to the 
large-scale forcing and therefore its intensity, as re-
flected by the net large-scale heating, should be con-
trolled by the large-scale flow. 
On the other hand, another condition mentioned by 
Kuo [Eq. (1Sa)J is a valid one, and may be quite 
important in selecting the wave scales. This condition 
requires "a disturbance of sufficiently long duration and 
high intensity able to lift the lower atmosphere above 
the condensation level, thereby activating the deep 
cumulus convection." In other words, waves with short 
periods are unlikely to grow. Kuo's Eq. (24), which 
contains a cutoff period may, in a way, be viewed as a 
crude representation of this condition although the 
precise requirement can only be treated as a nonlinear 
problem. Based on this condition alone, waves whose 
Doppler-shifted phase speed equals zero for z~ Zb are 
most favored for development. This seems to be the 
case in the tropical western Pacific where the usually 
observed warm-core synoptic-scale waves have a 
typical easterly phase speed of 5-8 m s-1, quite close to 
the low-level mean zonal wind. 
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Reply 
H. L. Kuo 
Department of the Geophysical Sciences, The University of Chicago, Chicago, Ill. 60637 
5 March 1976 and 23 April 1976 
The version of the CISK mechanism I formulated in 
my paper was based on the following considerations: 
1) The necessary background condition of the en-
vironment for deep cumulus convection, that is, the 
transformation of the conditionally unstable but un-
saturated or barely saturated tropical atmosphere into 
real instability for deep cumulus convection, is accom-
plished by the ascending motion of the large-scale 
disturbance. 
